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Myasthenia gravis (MG) is an autoimmune disease in which antibodies bind to receptors and molecules on the postsynaptic membrane of the neuromuscular junction; the acetylcholine receptors (AChRs) are most commonly involved. Other antibodies include anti-muscle-specific kinase (anti-MuSK) and anti-lipoprotein receptor-related protein 4 (anti-LRP4). Therefore, muscle weakness is the hallmark of the disease. The incidence is estimated at 0.3--2.8/100,000 and the prevalence at 700,000 worldwide \[[@B1]\].

Extraocular involvement is generally the first clinical sign in MG; this is usually asymmetric, in contrast to the presentation in other skeletal muscles. Uni- or bilateral ptosis is the most common sign. Diplopia is also common and may mimic motor cranial nerve palsy, extraocular muscle palsy, internuclear ophthalmoplegia, and supranuclear motility disturbances. Muscle weakness usually fluctuates and increases with muscle activity. The pupil contains muscarinic receptors that are not involved in the disease and are therefore spared. Visual acuity (VA) and visual field are normal and there is no pain or proptosis \[[@B2], [@B3]\]. Only in 15% of patients is the disease confined to the extraocular muscles -- ocular MG (OMG). OMG may progress to other muscles and become general MG (GMG). However, in 90% of patients who have pure ocular disease for 2 years, the symptom that remains is eye muscle weakness which does not spread to other muscles \[[@B2]\]. Ocular irritation may present in some patients with OMG. According to recent studies, dry eye disease may develop in up to 21% of patients; the main reason is lagophthalmos and reduced blinking due to orbicularis muscle weakness \[[@B4]\].

Blepharitis is an inflammation of the eyelids and a common cause for ocular irritation, burning sensation, tearing, red eyes, photophobia, and blurred vision \[[@B5], [@B6], [@B7]\]. We describe an adolescent female who presented with both OMG and blepharitis.

Case Report {#sec1_2}
===========

A 16-year-old female was referred to our institute due to new-onset exotropia and complaints of double vision, in addition to foreign body sensation and deterioration in VA for 1 month prior to presentation. Her ophthalmic history was unremarkable. She had been treated with valproic acid for epilepsy by the age of 3 years.

On examination, VA was 20/30 in both eyes by Snellen chart. The Prism Cover Test revealed 25 prism diopter intermittent alternating exotropia, and the Worth Four Dot Test showed a crossed diplopia at near. In addition, bilateral 2-mm lagophthalmos and bilateral ptosis (margin reflex distance 1 of 1) were seen. Slit lamp examination showed, in both eyes, advanced blepharitis, severe conjunctival hyperemia, severe superficial punctate keratopathy, diffuse subepithelial opacities, and an inferior corneal pannus (Fig. [1](#F1){ref-type="fig"}, [2](#F2){ref-type="fig"}).

Both Schirmer\'s 1 test and the basic secretion test showed a result of 35 mm after 5 min. Tear breakup time was 5 s in both eyes. The visual field test and optical coherence tomography were normal.

Pediatric neurologic evaluation was unremarkable. Concentric needle stimulation single-fiber electromyography (SFEMG) showed a prominent increase in neuromuscular jitter. Head MRI showed no pathology. Titers of anti-AChR and anti-MuSK were not elevated. Chest X-ray did not show a thymus. Thyroid function tests were normal (TSH, T3, fT4, anti-TPO) and laboratory tests for rheumatologic diseases including Sjögren syndrome and systemic lupus erythematosus were all negative (e.g., antinuclear antibodies, anti-dsDNA, anti-SSA, anti-SSB, C3, C4, antiphospholipid antibodies). Based on these findings, in cooperation with the pediatric neurology team, our patient was diagnosed with OMG.

Treatment was initiated simultaneously for OMG and blepharitis with ocular surface disease. Treatment for OMG included systemic corticosteroids 35 mg/day and pyridostigmine 60 mg/day, both with gradual increases in dosage. Topical treatment for ocular surface disease was initiated, with intensive lubrication up to once an hour, and topical steroids twice a day. Treatment for blepharitis included warm compresses and eyelid hygiene.

From this point, the course of blepharitis with keratoconjunctivitis was intertwined with the course of OMG. After 2 months of treatment with oral corticosteroids, the dose was increased to 60 mg/day due to unsatisfactory results. Tacrolimus 0.03% ointment was added to the treatment and topical steroidal treatment was tapered down. Lubrication was continued and a 2-month course of 100 mg doxycycline p.o. treatment for blepharitis was added to the treatment regimen.

Three months later, VA had improved to 20/25 using Snellen chart, despite persistent double vision, and lagophthalmos had completely resolved. She had no complaints of ocular irritation. The topical treatment was reduced to tacrolimus ointment 0.03% once daily, with artificial tears every 1--2 h. Due to lack of improvement of exotropia and diplopia under high-dose steroid treatment, systemic treatment was modified to amifampridine 120 mg/day with a 5-day course of intravenous immunoglobulins. Corticosteroid was gradually stopped and changed to azathioprine 75 mg/day. Despite this new regimen, on her recent visit 4 months after treatment alteration, a new left adduction deficit appeared (Fig. [3](#F3){ref-type="fig"}). In addition, after using azathioprine for 10 months, another sign of deterioration appeared. Left adduction deficit remained, and the exotropia was increased to 40 PD for both near and distance. After 1 year of follow-up, the serologic test for anti-AChR and anti-MuSK was repeated and was again negative.

When systemic corticosteroid treatment was gradually stopped and after a quiescence period, the ocular surface symptoms relapsed. Repeated examination revealed conjunctival irritation, corneal epithelium irregularities, a tear breakup time of 4 s, meibomian gland dysfunction, ciliary fibrin collarets, and eyelid margin vessel dilation. This deterioration required intensive treatment, which was altered to tacrolimus ointment 0.1%, topical steroids q.i.d. and p.o. doxycycline 100 mg/day, with frequent lubrication and eyelid scrubbing with a tea tree oil-containing agent.

Both the patient\'s ocular surface disease and her extraocular muscle involvement were refractory to intensive treatment and demonstrated a partial response to a high dosage of immunosuppressive therapy. Both diseases tended to relapse simultaneously after improvement or a stable clinical status when dose reduction was attempted.

Discussion {#sec1_3}
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In the patient described, signs and symptoms were confined to the extraocular muscles. Her clinical signs and symptoms tended to worsen at night, as is typical for this condition. This is because repetitive use of the extraocular muscles leads to their fatigability. Our patient reported worsening of the diplopia and the ptosis throughout the day and in times of tiredness. Orbicularis oculi may also be involved in OMG. GMG can involve bulbar, limb, and respiratory muscles \[[@B3], [@B8]\]. The diagnosis of GMG/OMG is clinical, supported by a combination of laboratory, imaging, and electrophysiology tests. In highly suspected cases, clinical tests (sleep test, ice-pack test, edrophonium test) can confirm the diagnosis \[[@B3], [@B8]\]. Chest radiography is an important step in the workup for MG. Up to 10% of individuals with MG are found to have a thymoma on chest imaging. Immunologic testing for MG includes circulating autoantibodies for anti-AChR, anti-MuSK, and anti-LRP4. After standard testing, 10--15% of patients with MG may remain seronegative. Serologic tests were negative in two different exams, 1 year apart in the presented case. This finding is consistent with the diagnosis of OMG where up to 50% of patients are seronegative \[[@B2]\]. In antibody-negative cases, neurophysiological tests and a characteristic response to therapy secure the diagnosis \[[@B2], [@B3]\]. Using a specialized concentric needle, SFEMG records individual muscle fiber action potential generated by the same motor neuron. It is the most sensitive diagnostic test for detecting abnormal neuromuscular transmission. In up to 99% of MG patients, an abnormal jitter is observed on SFEMG \[[@B3], [@B8]\]. Though a more established diagnosis is based on SFEMG in two different muscles, our patient was diagnosed with OMG by the pediatric neurology team based on the clinical findings and a single SFEMG test. There is no cure for GMG or OMG. The objective of therapy is full or nearly full pharmacologic remission. Treatment includes supportive, symptomatic, and immunoactive approaches. Mortality rates are as low as 0.06--0.89 per million person-years. This is consequent to improvements in intensive respiratory care and the introduction of immunosuppressive treatments \[[@B1]\]. Acetylcholine esterase inhibitors increase the duration of the neurotransmitter at the neuromuscular junction. Pyridostigmine is considered the first-line treatment for symptomatic relief. Most individuals with GMG need immunosuppressive medication to achieve pharmacologic remission and maintain good quality of life. Corticosteroid treatment is the first immunosuppressive therapy used for MG. The clinical response may start within 2 weeks and achieves maximal improvement after 6--24 months. Low-dose corticosteroid therapy has been shown to reduce the risk of the conversion of OMG to GMG \[[@B2], [@B3], [@B9]\]. Therefore, low-dose corticosteroid treatment is recommended for persons with OMG who have risk factors for the involvement of other skeletal muscles, such as detectable AChR antibodies, an enlarged thymus, and additional electrophysiological test results that suggest the involvement of nonocular muscles.

Azathioprine is a steroid-sparing agent. Accordingly, it is used when steroid therapy does not achieve pharmacologic remission or to minimize steroid adverse effects. This cytotoxic antimetabolite agent inhibits purine synthesis and thus inhibits DNA and RNA synthesis and cell proliferation; the effect on B and T cells is particularly strong. The combination of prednisone or prednisolone with azathioprine is considered the first-line treatment by some experts \[[@B2]\]. Other steroid-sparing agents such as methotrexate and mycophenolate can be used in addition for corticosteroids. Cyclosporine, cyclophosphamide, intravenous immunoglobulin, and plasmapheresis can be considered for MG. Thymectomy is recommended for patients with MG and thymoma. However, there is no strong evidence that surgery prevents progression to other sites or that it results in remission in OMG \[[@B1], [@B2], [@B4]\].

Ocular irritation is experienced by some patients with OMG. The main reason is dry eye disease, which can be observed in up to 21% of OMG patients \[[@B4]\]. The suggested cause of dry eye disease is lagophthalmos and difficulty blinking due to weakness of the orbicularis muscle. In our patient, her lagophthalmos resolved after the initial systemic treatment. However, her ocular irritation improved but later relapsed despite resolution of lagophthalmos.

Dry eye may also be caused by Sjögren syndrome. In our patient, serology for antinuclear antibodies, anti-Ro/anti-La, was not elevated, and there were no signs and symptoms of xerostomia. In addition to Schirmer\'s 1 test result, our conclusion was that the source of the ocular surface disease was a high evaporation rate due to severe blepharitis.

Blepharitis is a common cause of ocular irritation, burning sensation, tearing, red eyes, and visual symptoms such as photophobia and blurred vision \[[@B5]\]. Signs of chronic blepharitis include meibomian gland dysfunction, which results in alteration of tear film composition \[[@B5], [@B10]\], hypertrophy of the eyelid margins, scars, and changes in eyelashes -- madarosis (loss of eyelashes), poliosis (loss of eyelash pigment), and trichiasis (misdirected eyelashes) \[[@B5], [@B6]\]. Meibomian gland dysfunction may also lead to hordeolum and chalazion formation \[[@B11]\]. Demodex mites can cause both anterior and posterior blepharitis. However, Demodex mites can infest healthy, asymptomatic individuals; hence, their contribution to blepharitis is inconclusive \[[@B12]\]. Blepharitis is diagnosed clinically. There is no specific test or gold standard measure. In all forms of blepharitis, the tear film may show a high evaporation rate and a tear breakup time of \<10 s, which is considered abnormal. There is no cure for blepharitis, and treatment is aimed for symptomatic relief. Eyelid hygiene is still the mainstay of treatment, with warm compresses and lash scrubbing. Topical antibiotics such as azithromycin and systemic antibiotics such as doxycycline and azithromycin can provide symptomatic relief. This is due to their exertion of an anti-inflammatory effect and their eradicating bacteria from the eyelid margin. Oral antibiotics are used for persistent cases due to their anti-inflammatory properties \[[@B13]\]. Tea tree oil is the most effective treatment for Demodex mites \[[@B12]\]. Tacrolimus ointment can improve symptoms in refractory cases \[[@B14]\]. None of the treatments investigated in a Cochrane review of 34 studies showed strong evidence for curing chronic blepharitis. Lid hygiene was found to provide symptomatic relief, and topical antibiotics were shown to help eradicate the bacteria from the eyelid margins. The effect of topical steroids and oral antibiotics was inconclusive \[[@B7]\]. In most cases, the treatment is longstanding, and a tailored approach for each patient is needed, with long-term follow-up \[[@B5], [@B13]\].

Our patient had both anterior and posterior chronic blepharitis. Her symptoms included red eye, foreign body sensation, tearing, and a burning sensation. She also reported photophobia and loss of vision. Her clinical examination revealed dandruff on the eyelashes, meibomian gland dysfunction, and telangiectatic vascular changes of the eyelid margin. Her ocular surface examination showed conjunctival hyperemia, superficial punctate keratopathy, corneal neovascularization, and subepithelial opacities. Her tear breakup time was abnormal, \<10 s at the time of diagnosis, and did not improve despite aggressive therapy. According to both Schirmer\'s 1 and basic secretion tests, her aqueous gland function was normal and her symptoms were not due to dry eye disease. She was treated with frequent lubrication, oral antibiotics (doxycycline), eyelid hygiene, scrubbing, and warm compresses. After a quiescence period, the ocular surface disease deteriorated severely. This prompted the addition to her treatment of topical steroid drops, topical tacrolimus ointment, and scrubbing with an agent containing tea tree oil.

Our patient had both OMG and ocular surface disease due to blepharitis. According to the intertwined course of both diseases, a shared immune cause is suspected. Her systemic treatment included high-dose corticosteroids, amifampridine, azathioprine, and intravenous immunoglobulins. Despite the intensive regimen, only minor relief was achieved. The blepharitis and ocular surface symptoms were also treated intensively, by a combination of topical corticosteroid drops, tacrolimus ointment, frequent lubrication, and oral doxycycline, with symptomatic relief. However, when systemic corticosteroid treatment was tapered down, a relapse in the ocular surface disease occurred, which required increased topical treatment.

Even though literature is lacking regarding ocular surface disease associated with OMG, there is some evidence of corneal damage, corneal nerve alterations, ocular surface changes, dry eye, and reduced corneal sensitivity in MG and other immunologic diseases \[[@B15]\].

Conclusion {#sec1_4}
==========

We describe an adolescent with OMG and severe ocular surface disease. Despite intensive topical and systemic immunomodulatory treatments, both diseases were refractory to therapy. We suggest that a severe immune response may be the underlying cause for both OMG and blepharitis in our patient.
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![**a** Slit lamp examination (left eye) showed conjunctival hyperemia, corneal pannus and vascularization, and subepithelial opacities. **b** Fluorescein dye (left eye) showed epithelial irregularities.](cop-0011-0322-g01){#F1}

![**a** Anterior blepharitis including ciliary dandruff, collarette, and eyelid margin telangiectasia. **b** Clogged meibomian glands were expressed in the clinic with a cotton tip applicator.](cop-0011-0322-g02){#F2}

![Left eye adduction deficit.](cop-0011-0322-g03){#F3}
